Summary Thirty tumorous lesions from seven patients with colorectal cancer were short-term cultured and cytogenetically analysed: 16 nonadenomatous polyps, six adenomas, seven carcinomas, including one in polyp, and one lymph node metastasis. Clonal chromosome aberrations were found in 20 samples in 100% of the carcinomas, in 100% of the adenomas and in 37.5% of the non-adenomatous polyps, i.e. all ten lesions with a normal karyotype were histologically diagnosed as hyperplastic polyps. Although adenomas and carcinomas shared several karyotypic features, two chromosome aberrations, der(8;17)(q10;q10) and -14, were found in carcinomas but not in adenomas, indicating that they might be specifically associated with carcinoma development in the large bowel mucosa. The karyotypic similarity seen between the malignant and benign tumours in the same patient, and also sometimes among non-malignant polyps in the same case, indicates that these microscopically distinct lesions may be part of a single neoplastic clonal expansion.
Colorectal carcinogenesis offers unique possibilities to study the genetic alterations that underlie tumour development and progression. Many colorectal carcinomas arise from visible benign precursor lesions, adenomas, in what has been termed the adenoma-carcinoma sequence. Most adenomas do not transform malignantly however, in spite of the dysplastic changes that invariably characterize their epithelial component. Other carcinomas arise de novo, i.e. without a visible precursor lesion (Jass, 1987; Bedenne et al, 1992) . In addition to adenomas, hyperplastic polyps are tumorous yet benign, and in most instances presumably nonneoplastic, lesions frequently seen in the colon and rectum (Fenoglio-Preiser et al, 1988) . The genetics of such non-adenomatous polyps, which do not or only very rarely evolve into malignant tumours, has been investigated neither at the molecular nor at the cytogenetic level (Mitelman, 1994; Bardi et al, 1997) . The identification of genetic differences between adenomas and carcinomas, and also between polyps that may and those that may not transform to malignancy, is likely to shed light on the mechanisms driving tumorigenesis in the large intestine.
Another puzzling aspect of colorectal tumorigenesis is the developmental relationship among various tumorous lesions present at the same time. Are adenomas found in the vicinity of a malignant large bowel tumour clonally related and do they consist of cells that are part of the neoplastic parenchyma of the carcinoma? We approached these questions by cytogenetic analysis of multiple, macroscopically distinct tumorous large bowel lesions from patients with colorectal cancer.
MATERIALS AND METHODS
The present series consists of 30 tissue samples from seven patients with cancer of the large bowel: 22 benign polyps, seven carcinomas, one of which is a polyp, and one lymph node metastasis. These are all the cases successfully cultured and analysed by our group within the last 3 years in which at least one synchronous large bowel polyp could be examined cytogenetically together with the colorectal carcinoma. A further requirement was that informative results were obtained in at least two lesions from each patient, which means that cases in which only the preparations from the carcinoma or the polyp(s) were successful have been excluded. The karyotypes of the tumours of case I have been reported previously (Bardi et al, 1993 (Bardi et al, , 1995 .
From each patient, 2-9 tumorous lesions were investigated (Table 1) . One carcinoma and one hyperplastic polyp were examined in case I; one carcinoma and three adenomas in case II; one carcinoma and eight hyperplastic polyps in case III; one carcinoma in a polyp and one hyperplastic polyp in case IV; one carcinoma, one adenoma and three hyperplastic polyps in case V; one carcinoma, one lymph node metastasis, one flat adenoma and three hyperplastic polyps in case VI; and one carcinoma and one adenoma in case VII. In all cases, the distance between the examined lesions was more than 3 cm. The histopathological diagnosis of the tumours was made in accordance with World Health Organization recommendations (Morson and Sobin, 1976) and without prior knowledge of the cytogenetic findings.
From each lesion, a sample was taken for cytogenetic analysis from the same area that was also sampled for histological examination. The methods used for short-term culturing and chromosome analysis have been reported (Bardi et al, 1993) . The clonality criteria and the description of the tumour karyotypes followed the recommendations of the ISCN (1995). 
RESULTS
Of the 30 samples taken from seven patients, clonal chromosome aberrations were detected in 20, whereas only normal karyotypes were found in the remaining ten (Table 2) . Non-clonal changes were seen in all examined specimens, including those with a normal chromosome complement. All tumours with a normal karyotype were histologically diagnosed as hyperplastic polyps. Clonal chromosome aberrations were detected in all carcinomas, all adenomas -polypoid and flat -and also in six of the 16 non-adenomatous polyps (Figure 1 ).
Cytogenetically related clones were found in the carcinomas and polyps from five patients (cases I, II, V, VI and VII) (Figures 2  and 3 ). Related abnormal clones indicative of karyotypic evolution were also identified in one of the polyps of case IV, in which both carcinomatous and adenomatous areas were seen, whereas the second polyp of that case had a normal karyotype. Case HI was the only one in which no karyotypic similarities were found between the single cytogenetically abnormal polyp and the carcinoma.
The aberrations +X, +Y, -Y, -1, del(l)(p36), -4, +5, +7, der(8;17)(qlO;qlO), +13, -14, -15, -17, -18, +20, -21 and -22 were seen in tumours from more than one case.
DISCUSSION
Whereas clonal chromosomal aberrations were found in only six of the 16 non-adenomatous polyps examined (37.5%), all six adenomas and all seven carcinomas had an abnormal karyotype. In our experience (Bardi et al, 1997) , up to 80% of large bowel adenomas carry clonal chromosome abnormalities. The finding of an abnormal karyotype in all adenomas examined in this study aBold type indicates changes found in more than one lesion in a patient.
could be related to the fact that this is a selected population of polyps originating from patients with synchronous large bowel carcinoma. The overall difference between the groups of hyperplastic polyps on the one hand and the adenomas and carcinomas on the other would seem to support the dominant view (Jass et al, 1984) findings, that some carcinomas are the result of malignant transformation of hyperplastic polyps (Jass, 1983 (Jass, , 1989 and that this can explain why the latter lesions are more common in populations with a high frequency of colon cancer (Jass, 1983 Figure 3 Representative karyograms of two related clones detected in the carcinoma (A) and the adenoma (B) of case VIl (see Table 2 (Bardi et al, 1993 The adenoma karyotypes had several similarities to those of carcinomas, as expected for lesions that are accepted as forming a neoplastic continuum. First, all tumours in both groups (adenomas and carcinomas) had clonal chromosome aberrations. Second, structural chromosome rearrangements and more than one abnormality were identified in five out of the six adenomatous polyps examined. In three of the adenomas (case IV/lesion 1, case V/lesion 2 and case VII/lesion 2), the karyotype was as complex as in the carcinoma of the same case. In contrast, only two (case I/lesion 2 and case Vl/lesion 5) of the six cytogenetically abnormal hyperplastic or inflammatory polyps showed clones with structural aberrations and only one (case VI/lesion 5) had a clone with multiple changes, all of them numerical.
The recurrent chromosome aberrations detected in the present series, +X, +Y, -Y, -1, del(l)(p36), -4, +5, +7, der(8;17)(qlO;qlO), +13, -14, -15, -17, -18, +20, -21, and -22, have been previously detected in colorectal tumours (Mitelman, 1994; Heim and Mitelman, 1995) . It is of interest, however, that two of these aberrations, der(8;17)(qlO;qlO) and -14, were found only in carcinomas. This indicates that although most of the chromosomal changes that occur non-randomly during colorectal tumorigenesis may be found already at the benign stage, as has also been suggested previously (Bardi et al, 1997) , some could be carcinoma specific. Data from previous studies (Mitelman, 1994) support this interpretation, at least as far as der(8;17)(qlO;qlO) is concerned. This rearrangement has never been seen in adenomas, whereas whole-arm translocations between the long arms of chromosomes 8 and 17, as well as several other chromosomes are common in colorectal carcinomas. Monosomy 14 has been detected in adenomas (Mitelman, 1994) , albeit rarely. As it is so much more common in carcinomas (Bardi et al, 1997) , it is tempting to suggest that it is usually acquired during malignant transformation and that it indeed may play a causal role on the process. The finding that loss of heterozygosity on the long arm of chromosome 14 is found only in advanced colorectal carcinomas (Ookawa et al, 1993) seems to be consonant with this view.
Some of the chromosome aberrations that occur non-randomly in both adenomas and carcinomas of the large bowel (this report; Bardi et al, 1997) are found at clearly different rates. Trisomy for chromosomes 7 and 13 is more common in adenomas, whereas the frequency of -17 and -18 has been at least two times higher in carcinomas than in adenomas. In the present study, loss of one chromosome 18 was found in all cases with adenomatous polyps. In case II, monosomy 18 was detected only in the largest of the three adenomas, in agreement with earlier observations (Fearon, 1994) that this change occurs late in adenoma development.
The only carcinoma carrying clones with simple numerical aberrations was the one of case VI. We have previously suggested that colorectal adenocarcinomas with simple numerical aberrations arise through pathogentic mechanisms different from those operative in karyotypically complex carcinomas (Bardi et al, 1995) . The carcinoma of case VI was located in the rectosigmoid region, as are most tumours with simple numerical changes (Bardi et al, 1995) . The patient also had a flat adenoma, a type of tumour that has not previously been cytogenetically characterized but which might constitute a precursor lesion for some infiltrating carcinomas (Wolber and Qwen, 1991) . It is obviously too early on the basis of the aberrations detected in this tumour (-Y, +20 and -22 in different clones) to draw any conclusions about the general karyotypic profile of these colorectal lesions.
With the exception of case III, cytogenetically related clones were detected in the carcinoma and in at least one benign lesion from the same patient. This is evidence that these macroscopically distinct tumours arose as part of the same neoplastic process, in spite of the fact that the distance between them was at least 3 cm. The only alternative explanation would be that the same oncogenetic enviromental factor induced identical chromosomal rearrangements in more than one cell. In the absence of any positive evidence in favour of the latter scenario, however, we deem it less likely.
